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Introduction
Hashimoto's thyroiditis (HT) is the most common organ-specific autoimmune disease and the most common cause of hypothyroidism. Many genetic and environmental factors are responsible for etiology in HT, and T cell-mediated autoimmunity plays an important role in its pathogenesis. CD4+ Th1 cells, through cytokines, induce CD8 + cytotoxic Th2 cells in the thyroid gland as a result of infiltration of T and B cells with reactivity of thyroid autoantigens and loss of immune tolerance, and initiate the apoptotic process, resulting in destruction of thyroid cells [1] . Th1 is dominant over autoimmunity in HT whereas Th 2 is often responsible for autoimmunity in Graves' disease. Th1 synthesizes the proinflammatory cytokines (IL-2, IFN-g, TNF, IL-1b, IL-12) and has a cytotoxic effect [2] . One subgroup of CD4 + T lymphocytes is Th3 cell, known as regulator T cell or Treg, which is responsible for regulation of adaptive immune system and synthesis of TGF-β1. TGF-β1 is a cytokine that inhibits the reproduction of T and B cells and the cytotoxicity of T cells [3] . TGF-β1 has a protective function from autoimmune thyroid disease. Another subgroup of T cells is recently emerging IL-17 which is synthesized by Th17 and has a role in autoimmune diseases [4] . IL-17 and IL-12 have been shown to increase and TGF-β1 has been shown to reduce in HT and other several autoimmune diseases. Tumor necrosis factor like weak inducer of apoptosis (TWEAK) is a member of tumor necrosis factor superfamily (TNFSF) and binds to fibroblast growth factor-inducible molecule 14 (Fn14) receptor and plays a role in cellular proliferation, 2 migration, apoptosis, differentiation, angiogenesis and inflammation via nuclear factor κB (NF-κB) pathway [5] . There are two active form of TWEAK; membrane-bounded mTWEAK and its soluble form sTWEAK.
Proinflammatory cytokines, which are synthesized by Th1 lymphocytes, often play a role in pathogenesis of autoimmune diseases. These proinflammatory cytokines increase the immunogenicity of antigenic structures in thyroid gland and similar tissues, which results in increased levels of autoantibody in IL-4, IL-5 and B lymphocytes. Because TWEAK is a subgroup of TNFSF that is synthesized by Th1 lymphocytes, we consider that TWEAK may play role in increased autoimmune response. Indeed, a number of previous studies showed that TWEAK was associated with etiopathogenesis of several autoimmune diseases (systemic lupus erythematosus (SLE), multiple sclerosis, type 1 diabetes mellitus etc) [6, 7] . However, it is not known whether TWEAK has a role in the etiopathogenesis of HT, which is an autoimmune disease. Therefore, We aimed to investigate the role of sTWEAK in the pathogenesis of HT and its relationship with IL-12, IL-17A and TGF-β1. A total of 80 patients over the age of 18 years were included in the study, 60 patients, who were newly diagnosed with HT and did not receive any treatment, and 20 patients with no known disease as the healthy control group.
Material and methods

This
The exclusion criteria were other known systemic or metabolic diseases such as malignancy, infection, diabetes mellitus, atherosclerosis, and history of regular use of drugs.
Diagnosis of HT was established by increased serum levels of anti thyroglobulin (anti-TG) and/or anti thyroid peroxidase (anti-TPO) and/or the presence of heterogeneous echogenicity in the thyroid parenchyma demonstrated on the thyroid ultrasonography. Serum thyroid stimulating hormones (TSH), free thyroxine (fT4), anti-TG and anti-TPO were measured for those to be included in the control group, and HT was eliminated by thyroid ultrasonography, which was performed separately.
Biochemical parameters
After completing medical history taking and physical examination of patient and control groups, serum samples were collected following a 12-h fasting, centrifuged and kept at -80 C.
Then sTWEAK, IL-17A, IL-12 and TGF-β1 were collectively measured.
Serum IL-17A concentrations were measured using a commercial ELISA kit (eBioscience, An Affymetrix Company, Austria ). The limit of detection was 0.5 pg/ml. Intra and inter-assay precisions were 7.1% and 9.1% respectively.
Serum IL-12p70 concentrations were measured using a commercial ELISA kit (eBioscience, An Affymetrix Company, Austria ). The limit of detection was 2.1 pg/ml Intra and inter-assay precisions were 3% and 4.8% respectively.
Serum TGF-β1 concentrations were measured using a commercial ELISA kit (eBioscience, An Affymetrix Company, Austria ). The limit of detection was 0.008 ng/mL Intra and interassay precisions were 3.2% and 4.9% respectively.
Serum sTWEAK concentrations were measured using a commercial ELISA kit (eBioscience, An Affymetrix Company, Austria ). The limit of detection was 9.7 pg/ml Intra and inter-assay precisions were 7.9% and 9.2% respectively.
Statistical analysis
The findings of this study were analyzed with "The Statistical Package for Social Sciences for Windows" (SPSS v18) software. The conformity of continuous variables to normal distribution was tested with Kolmogorov-Smirnov test. The descriptive statistics of continuous variables were expressed as mean ± SD or median (min-max). During the comparisons, Student t test for parametric and Mann-Whitney test for nonparametric variables was performed. In the subgroup analysis, the presence of a statistically significant difference between the groups in terms of continuous variables was examined with ANOVA for parametric and Kruskall Wallis test for non-parametric variables. Post hoc testing was performed where the overall significance of the ANOVA or Kruskall Wallis test was significant (p< 0.05). Pearson correlation analysis was used for correlation of the variables. Table 1 shows the demographic characteristics of patient and control groups and the measurement results. Both of the groups had similar characteristics such as age, gender and body mass index. The HT group had lower levels of sTWEAK and TGF-β1, but had higher levels of IL-12 and IL-17A as compared to the control group. Of these, only the difference between IL-17A levels reached the statistical significance (2.1 pg/mL vs 1.8 pg/mL, respectively; p< 0.001). Table 2 shows in detail the levels of demographic and laboratory findings according to HT subgroups and control group. The level of sTWEAK was found to be similar in the control, euthyroid and subclinical hypothyroidism. The subclinical hypothyroidism group had a higher level of sTWEAK than that of overt hypothyroidism (888.2±374.4 pg/mL vs 687.6±153.3 pg/mL, respectively; p= 0.03). No significant differences were detected in TGF-β1 level between groups. While the level of IL-12 was similar in the control, euthyroid and subclinical hypothyroidism groups, its level in the overt hypothyroidism group was higher than that of euthyroid and control groups (3.6 pg/mL vs 2.7 pg/mL vs 2.7 pg/mL, respectively; p< 0.01).
Results
The level of IL-17A was higher in all HT subgroups than that of the control group, however its level was higher in subclinical and overt hypothyroidism groups than that of euthyroid group among HT subgroups (control: 1.8 pg/mL, euthyroid: 2 pg/mL, subclinical hypothyroidism: 2.3 pg/mL, overt hypothyroidism: 2.3 pg/mL; p< 0.01).
When we examined the relation between demographic, clinical and laboratory parameters in the HT group; we determined a positive correlation between IL-12 level and anti-TPO (r= 0.496, p< 0.001) level. A positive correlation was determined between sTWEAK level and TGF-β1 level (r= 0.278, p= 0.032). In the HT subgroup analysis, we determined a negative correlation between sTWEAK level and anti-TPO (r= -0.533, p= 0.028), IL-17A (r= -0.600, p= 0.005) levels in overt hypothyroidism group.
Discussion
In the present study, the overt hypothyroidism group had a low level of sTWEAK level as compared to the subclinical hypothyroidism. The level of sTWEAK was similar in the control, euthyroid and subclinical hypothyroidism groups. There was a negative correlation between anti-TPO and IL-17A in the overt hypothyroidism group. As far as we know, this 5 study is the first to determine the level of sTWEAK in HT and to investigate its relationship with thyroid autoantibodies.
Soluble TWEAK is a multifunctional cytokine that induces apoptosis in one cell while activates cell reproduction in another cell. It induces many cellular response and regulates inflammatory pathways depending on the cell type and micro environment [8] . sTWEAK's biological activity may vary by onset period of inflammation. After acute tissue injury, sTWEAK induces progenitor cells and enables tissue regeneration, and alters tissue repair by inhibiting differentiation of the same progenitor cells following chronic injury [9] . A large part of data increasingly highlight the contribution of sTWEAK/Fn14 pathway to inflammation in autoimmune diseases [10] . Literature has no studies investigating the relationship between the serum sTWEAK and HT, an autoimmune disease. In evaluation of studies examining the association of other autoimmune diseases with sTWEAK, a study by Albert Einstein College of Medicine on SLE and healthy control group reported that SLE patients had relatively lower levels of sTWEAK than those of healthy control group [11] . Similarly, a study by Noa Schwartz et al identified lower levels of sTWEAK in SLE patients as compared to the healthy control group [11] . In addition, many studies with animal and human models indicate that sTWEAK might be associated with etiopathogenesis of multiple sclerosis [12] . Furthermore, since sTWEAK has been shown to be associated with pathophysiology of rheumatoid arthritis and SLE, recent studies have focused on the effect of anti-TWEAK therapies on the prognosis of the disease in such diseases In this study, the level of sTWEAK was found to be similar in the control, euthyroid and subclinical hypothyroidism groups. The overt hypothyroidism group had lower level of sTWEAK as compared to subclinical hypothyroidism group. Normally, because TWEAK is a proinflammatory cytokine, we expect the level of TWEAK to increase in inflammatory events. However, this study detected the level of sTWEAK to be low. Low serum level of sTWEAK in HT might have been resulted from the increased Fn 14 level, which bound to sTWEAK and decreased serum level of sTWEAK in chronic inflammation [13] , or the increased level of CD 163, a scavenger receptor, which causes sTWEAK to be destructed by inflammatory macrophages in case of inflammation [14] . A result from this study that supports possible explanations provided above is that the level of IL-17A, a proinflammatory cytokine, increased from the control group to the overt hypothyroidism group. A negative correlation found between sTWEAK and IL-17A strongly supports our hypothesis. 6 The lower level of sTWEAK found in the overt hypothyroidism group than that of subclinical hypothyroidism had several possible causes. The first one might be the significant insufficiency of thyroid hormone, the second one might be the excessive chronic inflammation, ant the most important one might be the increased autoimmune response. Lack of correlation between the thyroid function test and sTWEAK in the correlation analysis refutes our first hypothesis. As the pathogenesis of HT has a chronic inflammatory process, the expected finding is that the level of sTWEAK, a proinflammatory cytokine, varied with the progression of the disease. Our second hypothesis is therefore an acceptable hypothesis.
We consider that the primary cause of why the level of sTWEAK varied as compared to subclinical hypothyroidism could be the increased autoimmune response in the overt hypothyroidism group. Our hypothesis is strongly supported by the higher level of anti-TPO in the overt hypothyroidism group compared to all other groups, and by the strong correlation found between the level of sTWEAK and anti-TPO in the overt hypothyroidism group.
Another cytokine is IL-17A that is synthesized by Th17 and has a role in proinflammatory with many cytokines. Recently, the association of IL-17A with autoimmune diseases has often been underlined. In studies conducted with HT, graves' disease and healthy control groups, HT had significantly higher levels of IL-17A than those of graves and healthy control groups [15] [16] [17] [18] . Dapeng Li et al reported negative correlation between the IL-17A level and the extent of hypothyroidism in HT. In the same study, increased levels of IL-17A both in thyroid gland and in serum suggested that IL-17A played an active role in the pathogenesis of HT [15] . Data of our study supports the role of IL-17A in HT.
A previous study reported that the euthyroid and overt hypothyroidism with HT had higher levels of IL-12 compared to the control group, and the hypothyroidism group had higher IL-12 levels compared to the euthyroid group within the HT group [19] . Another study reported that the euthyroid HT group had significantly higher levels of IL-12 than those of healthy control group [20] . In our study, the levels of IL-12 was found to be similar to those in studies above in the HT group and subgroup analyses. Th1 is said to play a dominant role in inflammation of HT [2] . Increased level of IL-12, synthesized by Th1, in the HT group of our study is consistent with that hypothesis.
In studies conducted with TGF-β1, TGF-β1 level was significantly lower in patients with HT compared to the healthy control group, and its level was reported to decrease further towards late phase of disease [21] [22] [23] . In fact, it is not surprising to identify TGF-β1 level to be low in HT because the immunosuppressive effect of TGF-β1 is known well. Absence or low level of TGF-β1 contributes to activation and differentiation of T cells and development of autoimmune diseases by initiating apoptosis [22] . We found TGF-β1 levels lower in the HT group than those of healthy control group but this was not statistically significant. This might be related to our patients in HT group who were only at the onset phase of the disease.
The critical limitations of this study are insufficient number of cases and controls. In addition, the second major limitation of our study was that fn14 and CD163 levels were not determined, which began to increase with TWEAK levels in the pro inflammatory process and acted on reduced level of circulating TWEAK. As a result, reduced level of sTWEAK with HT progression and significant relationship between sTWEAK level and anti-TPO found in our study suggest that sTWEAK played an active role in chronic inflammation in pathogenesis of HT and in progression of autoimmunity. Further studies are needed to clearly understand the active role of sTWEAK in autoimmune process in HT which is an autoimmune thyroiditis. 
